A growing and compelling body of evidence demonstrates that children born into poverty, whether in high-, middle-, or low-income countries, 1 are at heightened risk for compromised health and developmental outcomes throughout the life course. 2 -6 It is estimated that 80.8 million children ages 3 and 4 years in low-and middle-income countries experienced low cognitive and/or socioemotional development in 2010 based on Early Childhood Development Index scores, with the largest number of affected children in sub-Saharan Africa, South Asia, and the East Asia and Pacific region. 6 Recent evidence has also underscored the importance of interventions to foster healthy neurodevelopment from preconception through adolescence in light of findings that the early years of life are a sensitive period for countering adverse exposures that threaten the integrity of neural, neuroendocrine, and immune systems. 7 Consequently, there is an increasing recognition by the global health community of the need to expand initiatives to address not only the ongoing need for reduced child mortality, but also to decrease child morbidity and adverse exposures toward improving health and developmental outcomes. The bridging of the child survival and child development fields has recently been prioritized by the World Health Organization (WHO) and other agencies as being essential for optimizing global health, equity, and sustainable development. 8 In fact, a recent review found significant overlap between public health strategies for improving child survival and child development interventions, the latter of which typically include enriching learning components. 9 by guest on August 31, 2017 Downloaded from
The newly developed United Nations Sustainable Development Goals (SDGs) for 2015 to 2030 additionally reinforce that human development is essential for sustainable global development. 10 In April 2016, an alliance was established by the World Bank and the United Nations Children's Fund (UNICEF) to make gains on these SDGs by supporting country-led efforts to invest in nutrition, early stimulation, learning, and protection for every child. 11 The WHO has also recommended several essential interventions worldwide for child survival, growth, and development. 7, 12 However, research is needed on the extent to which these interventions can be applied and/or adapted to diverse populations as well as implementation science on the optimal approaches for scaling up these interventions, particularly in low-resource settings (LRS).
Furthermore, for children living in poverty, there are a host of adverse exposures that dramatically increase the risk for altering the course of neurodevelopment. Paramount among these is the intersection between nutrition and inflammation (ie, acute and chronic), a hallmark of both infectious and noncommunicable diseases. Neurodevelopmental outcomes are of particular interest to the global community given their implications for long-term individual and population health and prosperity, as the current Zika virus outbreak demonstrates. Although some evidence exists linking pediatric neurodevelopment, nutrition, and inflammation, much remains to be learned about underlying mechanisms, biomarkers, assessment, interventions, and risk and protective factors, among other considerations. At the forefront, it is essential to develop tools for the assessment of neurodevelopment and the nutritional, inflammatory, and other influencing factors that impact it, that are readily deployable in the field, particularly in culturally diverse LRS. The primary objective of this NICHD Global Health Meeting was to identify research priorities that are key to understanding the interrelationships and impact of nutritional status and inflammation due to specific infections or noncommunicable diseases on child neurodevelopment and brain function from fetal life through adolescence in LRS. Multidisciplinary panels, with experts in child neurodevelopment, nutrition, and infectious disease/ inflammation, identified research gaps and assessment needs during 4 developmental periods:
(1) pregnancy/fetal life, (2) infancy (birth to 2 years of age), (3) early to middle childhood (age 3 to 12 years), and (4) adolescence (age 13 to 18 years).
After these panel presentations, multidisciplinary working groups, 4 focused on targeted developmental periods and a fifth on assessment needs, were charged with responding to the 5 thematic areas in Table 1 and considering (1) existing knowledge, (2) evidence gaps, and (3) research priorities, as well as developing outlines for the articles contained in this supplement. The working groups were also encouraged to break down existing silos between disciplines in child neurodevelopment, nutrition, and inflammation (ie, due to infectious and noninfectious causes) to identify an integrated, multidisciplinary approach for conducting research, implementing programs, and developing policies. For the purposes of this journal supplement, neurodevelopment is defined as the dynamic interrelationship between environment, genes, and the brain whereby the brain develops across time to establish sensory, motor, cognitive, socioemotional, cultural, and behavioral adaptive functions. This definition has been modified for this effort from an earlier version recently published in Nature. 19 Nutrition is defined as the science of food, the nutrients and other substances therein, their action, interaction, and balance in relation to health and disease, and the processes of ingestion, absorption, use, and excretion. 20 Furthermore, malnutrition has 3 principal constituents: undernutrition (ie, poor growth, including underweight, stunting, and wasting), overnutrition (ie, overweight/obesity), and deficiencies in micronutrients. 20, 21 Finally, both infection and inflammation are addressed within the articles of this journal supplement. The term "infection" describes the interaction between the action of microbial invasion and the reaction of the body's inflammatory defensive response; the 2 components are considered together when discussing an infection, and the word infection is used to imply a microbial invasive cause for the observed inflammatory reaction. 22 In contrast, inflammation is the stereotypical physiologic response to infections, tissue injury, psychological stress, and other insults. 23, 24 It is also important to distinguish between acute and chronic inflammation. Inflammation, as characterized by the acute phase response, is an innate body defense that triggers a sequence of physiologic changes in response to a myriad of stressors, including microbial invasion, tissue injury, immunologic reactions, and inflammatory processes. 15 Inflammation is generally protective to the host because it removes injurious stimuli and promotes the healing of damaged tissue. However, chronic inflammation may result when there is overproduction of inflammatory mediators that may amplify the acute phase response on an ongoing basis and become detrimental to the host. 23 For the purposes of this journal supplement, the term "inflammation" will include both infectious and noninfectious as well as acute and chronic causes of inflammation, unless otherwise specified. focus of this overview. Examples of important variables include caregiver factors, such as education, physical and mental health, and the environment in which children grow up, including the effects of poverty, violence, toxic stress, pathogen and toxin exposure, and the level of nurturance, enrichment, and education provided to the child. It is important to note that factors affecting neurodevelopment are often bidirectional and include both direct and indirect effects, highlighting opportunities to evaluate interventions. A detailed review of all factors affecting child neurodevelopment is beyond the scope of this supplement, which will specifically focus on the interrelationships among nutrition, inflammation, and neurodevelopment, as described in more detail in subsequent supplement articles.
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EMERGING RESEARCH AREAS
This section summarizes emerging research areas at the intersection of child neurodevelopment, nutrition, and inflammation in LRS, first discussed at the aforementioned February 2015 NICHD Global Health Meeting and explored in more depth within the articles contained in this journal supplement. They are listed below in no particular order of priority. 
Need for an integrated
FIGURE 1
Relationships among individual and environmental factors, infl ammation, nutrition, and neurodevelopment.
by 25 and evidence suggests that trials that include both early education and nutrition are more likely to result in cognitive benefits than single intervention trials, 26 38 Possible mechanisms include inflammation, oxidative stress, decreased motor performance associated with a degraded musculoskeletal system, and alterations in brain structure, leptin/insulin regulation, cerebrovascular function, and/or blood-brain barrier function.
Infections, inflammation, and neurodevelopment.
Elucidate the role of and mechanisms through which infectious diseases and inflammation impact neurodevelopment. A recent review of infections that affect the nervous system noted that, for most pathogens, reliable estimates of the incidence of infection and infection-related neurodevelopmental impairment are not currently available. 39 The burden of neurodevelopmental impairment from specific infectious agents and/or the accompanying inflammatory response, and how exposure at a given time point impacts later neurodevelopment, need to be explored. For infectious diseases and a variety of other early nutritional, inflammatory, or toxic environmental insults, duration and severity may be as important as timing. Infection may lead to neurodevelopmental impairment through direct CNS injury by the infectious pathogen or through pathways that may involve inflammation as 1 component, but may not be traditionally defined as inflammation. 40 
Noninfectious inflammation and neurodevelopment.
Describe the role of and mechanisms through which noninfectious inflammation (eg, chronic diseases, exposure to environmental toxins, and psychological stress) impacts neurodevelopment. The evidence base for the direct impact of noninfectious inflammation on neurodevelopment is even more limited than for infectious causes of inflammation. Nonetheless, growing evidence indicates that a variety of earlylife stresses can contribute to enduring abnormalities in brain organization and structure, as well as in endocrine regulatory processes, among other consequences. 41 -44 These life stressors contribute to a physiologic response referred to as toxic stress by the National Scientific Council on the Developing Child, defined as the excessive or prolonged activation of the physiologic stress response systems in the absence of the buffering protection afforded by stable, responsive relationships, and the result of cumulative adverse childhood experiences. Animal and human studies have found associations between early-life adversity and toxic stress to changes in brain architecture and gene expression, potentially resulting in long-term and even intergenerational physical and mental health consequences. Importantly, toxic stress is most deleterious to the developing brain when it occurs during a sensitive or critical period of development and may have lifelong effects. Additionally, longitudinal studies have shown that early malnutrition has effects on inflammatory status in adulthood.
Environmental enteropathy.
Define the pathways by which environmental enteropathy leads to neurodevelopmental impairments and interacts with the microbiome. Children in LRS are at higher risk for environmental enteropathy caused by fecal-oral contamination, which results in the blunting of intestinal villi and inflammation. 45 This can lead to chronic intestinal problems with absorbing nutrients, which may result in malnutrition, growth stunting, and other developmental deficits in children. 46 Environmental enteropathy, involving intestinal inflammation without overt diarrhea, also seems to affect the risk of both malnutrition and impaired child neurodevelopment. 45 
SUMMARY AND NEXT STEPS
The subsequent articles in this supplement will additionally explore and develop the concepts and themes introduced in this executive summary from preconception through adolescence. 
